and in the UK. Indicators of socioeconomic status, including education and white/blue collar occupation based on lifetime occupations were analysed as indicators of risk factors for lung cancer development, after adjustment for tobacco smoking and exposure to occupational carcinogens.
INTRODUCTION
In the former socialist Central European countries, many common diseases remain more prevalent than in the developed industrialized countries -cardiovascular diseases, cancer in general and lung cancer in particular. Cancer of the trachea, bronchus and lung is a major component of cancer mortality (1) . The cumulative risk of developing lung cancer in these countries is among the highest in the world, being currently around 10% among men by the age of 75 (2) .
In industrialized countries, male lung cancer risk shows a negative gradient by socioeconomic status, particularly in recent decades. A systematic review reported a negative mortality trend in 34 male populations compared with 6 positive trends, and paral-leled by 13 negative gradients in incidence (3) . Since time of the review, other studies confirmed this gradient as well (4) (5) (6) (7) (8) (9) (10) (11) . In women, the patterns are less consistent (3, (8) (9) (10) . Little is known on the social class effect in former socialist countries.
The goal of this article is to investigate association between two available indicators of socioeconomic status (education and white/blue collar occupation) and risk of lung cancer development in seven European countries, including five former socialist countries from Central Europe and Russia. Main hypothesis is, that higher lung cancer risk is associated with low education and blue collar occupations. The investigation takes into account the two factors which may be responsible for the effect of socioeconomic status indicators on lung cancer risk: tobacco smoking and exposure to occupational carcinogens (4, 9, 12, 13) .
MATERIAL AND METHODS
A hospital based case-control study was conducted in 16 areas of seven countries: Brno, Olomouc, and Prague (Czech Republic), Borsod, Budapest, Heves, Szabolcs, and Szolnok (Hungary), Lodz, and Warsaw (Poland), Bucharest (Romania), Moscow (Russia), Banska Bystrica, Bratislava, and Nitra (Slovakia), Liverpool (United Kingdom). In each area, newly diagnosed, histologically or cytologically confirmed cases of primary lung cancer were recruited during 1998-2001 together with controls frequency-matched by sex and age. The selection criteria for cases were residence in the study area for at least one year prior to diagnosis, and age lower than 75. Hospital based controls were selected in most centres among patients admitted to the same hospitals of the cases or general hospitals serving the study areas for diseases other than cancer or tobacco-related. In Liverpool and Warsaw, population based controls were selected from population or general practitioner registries. Both cases and controls were interviewed using a standardized questionnaire which consisted of questions about residential history, tobacco smoking, diet, medical history, as well as occupational history. The latter included collection of detailed information on each job held by study subjects in a chronological order, which was used to assess exposure to 70 known and potential occupational lung carcinogens.
For the socioeconomic status, two indicators of socioeconomic status were studied: an occupation-based classification, and education. The occupation-based indicator was derived from the lifetime occupational history, where ISCO codes from 1968 (14) were used to distinguish between white and blue collar occupations, and to record an inactive period for each individual job. Professional, technical, managerial, administrative occupations and property owners were categorized as white collar jobs. Shopping, services, craft, agriculture and industry manual occupations were categorized as blue collar jobs. Military service, retirement, study, household, long-term disablement, and arrest were taken as the inactive periods (Annex 1). Overall, study participants with employment in blue collar occupations for more than two thirds of their total occupational history (ignoring inactive periods) were categorized as blue collar workers (and similarly white collar workers). The remaining study participants were treated as a mixed group. Education was classified in three categories: low (up to completion of elementary school), middle (apprentice and secondary school) and high (higher than secondary school).
Odds ratios (OR) for risk of lung cancer development and 95% confidence intervals (CI) were derived from unconditional logistic regression models. All models were fitted separately for men and women, because previous studies had indicated different association between socioeconomic status and lung cancer according to gender (13) . In the analysis by education, data from Liverpool were excluded, due to very different education system in the United Kingdom as compared to Central European countries. Regression models included country, age (4 categories: less than 50, 50-59, 60-69, 70 and more), tobacco smoking and occupational exposure to carcinogens. Tobacco smoking variables represented a cumulative tobacco consumption expressed as pack years (1 pack year is defined as 20 manufactured cigarettes smoked per day for 1 year) in categories (0, <=18, <=33, more than 33) and type of cigarettes smoked (filter, non-filter, hand-rolled); never smokers were considered those who smoked less than 100 cigarettes during entire life. Occupational exposure to carcinogens was expressed as a binary variable, representing exposure ever to at least one of the following agents: inorganic insulation dust, arsenic, abrasives dust, silica, carbon black, wood dust, chromate dust, cadmium, and polycyclic aromatic hydrocarbons. All statistical analyses were performed using the Stata software (15) .
RESULTS
Out of 3,403 eligible lung cancer cases, 542 (15.9%) and out of 3670 eligible controls, 550 (15.0%) were not included in the study. As for cases, 27 were discharged from hospital before the interview, 53 were too ill to be interviewed, 13 had died before the interview and 449 refused to participate. In case of controls, out of 550 not included 16 were discharged from hospital before the interview, 21 were too ill to be interviewed, 2 died before the interview and 511 refused to participate. The study population included in the analysis comprised 2,861 cases and 3,118 controls, the analysis of education included 2,633 cases and 2,884 controls. Table 1 shows the distribution of lung cancer cases and the control group according to sex, country, age, smoking status and socioeconomic indicators. There was no difference in age (mean age in men, 60.8 years in cases and 60.6 years in controls; in women, 59.9 years in cases and 60.1 years in controls). As expected, there was a higher percentage of smokers in both men and OR and 95% CI adjusted for smoking for low education compared to high education
Fig. 1. Association between socioeconomic status indicators and risk of lung cancer by countries in men
OR and 95% CI adjusted for smoking for blue collar workers compared to white collar workers women among cases than among controls. Controls were better educated than cases, the difference being statistically significant in men but not in women. There was also a higher percentage of white collar workers among controls than among cases. The distribution of cumulative tobacco consumption according to socioeconomic indicators in controls is shown in Table 2 . Among male blue collar workers there were 20.3% nonsmokers and 31.3% heavy smokers, compared to 28.6% of nonsmokers and 22.4% heavy smokers in white collar workers (p<0.001). A similar trend was observed for education. Women with high education smoked more than women with low education (p<0.001), while no statistically significant differences were observed by the occupation-based indicator. Similarly, prevalence of occupational exposure to the selected set of carcinogens in male controls is significantly higher for blue collar workers (76.6%) than for white collar workers (27.2%), and also significantly higher for low education (72.5%) than for high education (26.9%). Similar significant differences were observed in women (28.1% in blue versus 7.2% in white collar workers; 20.9% in low versus 8.8% in high education). Table 3 shows adjusted OR of lung cancer related to socioeconomic indicators. Compared with white collar workers, the OR for blue collar workers in men adjusted for age and country was 1.79 (95% CI 1.56-2.05). The OR remained significant after adjustment for smoking habits, and also after additional adjust-ment for occupational exposure to carcinogens. As for education in men, the OR for low education compared with high education was 1.96 (95%CI 1.56-2.47). Similarly the OR remained significant after additional adjustments for smoking and occupational exposure to carcinogens. Similar negative association was found in middle education, where the OR was 1.60 (95% CI 1.35-1.89). For women, no significant results were found. OR for occupation was close to 1, and odds ratios for education were pointing to protective effect of middle and low educations, however, these were also not significant.
Results of effect of socioeconomic indicators on risk of lung cancer in men by smoking groups are shown in Table 4 . Results do not show consistent effect for never-smokers, where the OR for blue collar workers was 2.51 (95% CI 1.09-5.76) but the OR for middle education was 1.01 (95% CI 0.45-2.29) and the OR for low education was 0.78 (95 %CI 0.23-2.64). For ever-smokers by pack-years cigarettes smoked, results are consistent, showing similar significant negative effect for occupation-based indicator and education in all smoking categories. Stronger effect was found in light smokers, weaker effect in middle group of smokers and no effect in heavy smokers. Test of interactions between occupationbased indicator and smoking showed borderline non-significance (p=0.053), test of interactions between education and smoking was found significant (p=0.026).
Analyses by countries are shown in Fig. 1 21-4.59) . Testing of interactions between both socioeconomic indicators and country in men did not confirm heterogeneity (white/blue collar worker and country in men: p=0.607, education and country in men: p=0.288).
Analysis of effects of socioeconomic indicators on lung cancer development in women was consistent, showing no effect in Central European countries. The only significant negative association was found in the UK data (OR for blue collar compared to white collar workers 2.85; 95% CI 1.37-5.95), which did not remain significant after adjustment for smoking (adjusted OR 1.54; 95% CI 0.67-3.56). As for education, results were not significant except for the data in Russia, where an opposite effect was seen (OR for low compared to high education 0.10; 95% CI 0.03-0.57, OR after adjustment for smoking 0.14; 95% CI 0.03-0.60).
DISCUSSION AND CONCLUSIONS
By Krieger (16) , social class refers to social group arising from interdependent economic relationship among people, and socioeconomic position is an aggregate concept that includes both resource-based and prestige-based measures, as linked both childhood and adult social class position. Considering that most of the study participants lived majority of their lives during socialist period, socioeconomic status indicators connected with occupation and education were mainly related to family and/or community prestige, life-style and activities during free time, habits and nutrition. Higher education and/or white collar occupations were associated with healthier life style, healthier free-time activities, and healthier habits and nutrition.
For determination of occupation-based socioeconomic indicator in our study, life/time history of occupations coded by ISCO was used. In recent studies last occupation (4), usual occupation (10), occupation at several career points (7) and also occupational history (6, 9) were used. Overview of used measures was published elsewhere (18) . Advantages of using this type of proxy are the individual evaluation, the possibility of verification, the coding precision. A main disadvantage is the direct relation between an occupation and connected occupational exposure to carcinogens. Education systems in Central European countries were similar, so the indicator with three categories could be constructed: low, middle and higher education. Due to differences in educational system, data from the UK were excluded from the analyses.
When analyzing association between socioeconomic indicators and risk of lung cancer, two main issues appear: indicators of occupation are related to smoking habits, and also to occupational exposure to carcinogens (6, 12, (18) (19) (20) . An unbalanced distribution of tobacco use among social classes is expected, with most common use among lower social class urban men and women (9) . This was confirmed in this study for men only (Table 2) , having the opposite gradient in the female smoking proportions, when low educated women smoke significantly less than high educated women (e.g. proportions of ever smokers were 20.6% for low and 36.3% for high education). Both socioeconomic indicators were in this study strongly related to occupational exposure to carcinogens.
We investigated the relationship between these two indicators of socioeconomic status (occupation-based and education) and risk of lung cancer. For adjustment of the effect of tobacco smoking we used three proxies. For adjustment of the effect of occupational exposure to carcinogens, the set of carcinogens was selected based on data analyses from this study, as the exposures having the strongest effects on lung cancer development. Our findings are 39% increase in risk of lung cancer for blue collar workers compared to white collar workers, and 31% increase in risk of lung cancer for low education compared to high education in men, both after adjustment for effects of smoking and occupational exposure to carcinogens. Similar results were found for manual compared to non-manual men in the Renfrew/Paisley study (adjusted RR 1.27) and the Collaborative study (adjusted RR 1.24) (10). Relative risk of lung cancer in lower middle class compared to upper class adjusted to smoking habits was 2.7 (95% CI 1.4-5.0) in the Copenhagen Male Study (12) . Compared to social class I, men in social class IV and V had a significantly elevated risk of lung cancer, with OR respectively of 1.5 (95% CI 1.1-2.3) and 1.9 (95% CI 1.3-3.0) by results from the National Enhanced Surveillance in Canada (9) .
To assess an influence of residual confounding of smoking, we also have studied association between socioeconomic indicators and risk of lung cancer in the different smoking categories. We found inconsistent effect of social indicators in never smokers: indicator of social class based on lifetime occupations had a very strong effect on risk of lung cancer development (OR 2.51; 95% CI 1.09-5.76), but education did not show any effect (OR 0.78; 95% CI 0.23-2.64). Results for ex-smokers and smokers are similar as in the other studies (in the study in Canada (9), OR 2.5 (95% CI 1.4-4.4) for lowest social class compared with highest social class in ex-smokers, and OR 1.7 (95% CI 0.8-3.6) in current smokers, similar to the observed trend by education in smokers in the study in the Netherlands (4) and in Finland (11)). In never smokers, no association between socioeconomic status indicators and risk of lung cancer was found in the previous studies (9) .
We did not find any clear relationship between socioeconomic status indicators and lung cancer risk in women. The uniform behaviours of women, such as household and family care, maternity tasks, were dominant in all educational groups. Almost all women were employed in the Central European countries (21) . However, their exposures as blue collar workers have different meaning as blue collar worker exposures in men, considering also much smaller percentage of women exposure to carcinogens, lesser physical strain. According to this data, low educated women smoke less than women with higher education, and blue collar female workers smoke less than white collar female workers. All these facts and factors could explain the observed lack of difference in risk of lung cancer.
When trying to explain the different pattern in lung cancer risk for men and women, some facts have to be taken into account: high lung cancer incidence rates in men (65.7/100,000 Eastern Europe) versus low incidence of lung cancer in women (8.7/100,000 Eastern Europe) (22) . Employment under health risk conditions is more frequent for men than for women, e.g. in Slovakia 75% of risk jobs are performed by men and 25% by women (23). Men are dominantly employed in the traditional men professions (construction, mining, heavy industry) (24) . Occupational diseases are mainly identified and confirmed in men, e.g. in Slovakia 70% of all occupational diseases have been identified and compensated in men and all occupational lung cancer ever have been confirmed only in men (25) . Men's life expectancies are 6 to 13 years lower than women's ones in the studied Central European countries and Russia (26) . The difference is growing in time, as it was about 4 years in 1950. Smoking behaviour in men and women is also different, with higher prevalence of smokers in men than in women, as it was confirmed in our study and elsewhere (27, 28) .
Possible limitation of these analyses is no adjustment to environmental conditions including air pollution (29, 30) . Influence of residual confounding of smoking remained unexplained as well, alike as a possible other individually important occupational exposure to other carcinogens. Estimates of effects of socioeconomic indicators substantially lowered after additional adjustments to smoking proxies, effect found in a smaller group of never smokers was inconsistent.
We suggest that the significant inverse association between socioeconomic indicators and risk of lung cancer in men may serve as an incentive in lung cancer prevention. Socioeconomic indicators as blue collar worker and/or low education in connection with smoking habits altogether indicate possible higher risk for lung cancer development.
